Introduction
Axillary lymph node involvement remains a principal factor when making clinical decisions in primary breast cancer [1] . However, formal dissection of the axilla entails a high rate of late morbidity, in particular lymph edema, which can occur in 19-47% of cases [2] . Following the publication of the first large series on sentinel lymph node biopsy (SLNB) in the surgical staging of primary breast cancer, SLNB has found rapid and wide acceptance [3] . Lymph edema in patients undergoing SLNB only is rare [4] .
Despite this rapid acceptance, there is still a considerable heterogeneity with respect to the details of the technique. The American College of Breast Surgeons recommends a combination of dye and radioactive labeling, with omission of dye labeling only in experienced centers. [5] . The American Society of Clinical Oncology gives no additional technical details but recommends an 85% identification rate and a 5% false-negative rate as minimal standard [6] .
Various methods have been proposed for labeling SLNs, and inconsistent results have been reported with respect to retrieval rates. Intraoperative injection of dye is easy to perform and needs no equipment. Retrieval rates have been reported to range from 88.5% to 97.5% [7, 8] . Radiopharmaceutical labeling yields better results with positive identification of the labeled node in 97.2% of cases. A combination of both methods has also been described with retrieval rates of 98.7% [9] .
Several large multi-center studies have analyzed false-negative rates, i.e. the frequency of metastatic lymph nodes despite unaffected SLNs, defined as the number of patients with negative SLN and at least 1 positive non-SLN, divided by the total number of Keywords Breast cancer · Sentinel node · Manual lymphatic drainage Summary Introduction: Our aim was to assess the practicability and reliability of a novel labeling regime for axillary sentinel lymph nodes (SLNs) in early breast cancer. Methods: 362 patients with early breast cancer (bilateral in 9 cases, giving a total of 371 cases) underwent intradermal radio tracer injection with simultaneous manual lymphatic drainage. SLN biopsy was performed within 24 h. For retrospective analysis, data were extracted from patient's records. Results: At least 1 SLN was detected intraoperatively in 369 cases (99.5%, range 1-9 nodes). This node was metastatic in 88 and unaffected in 281 cases. Coincidentally removed but unlabeled lymph nodes were affected in 3 cases in which the SLN was unaffected (3/153 = 2%). In all cases, on histological evaluation, tissue removed as SLN contained lymph nodes. After a period of 69.5 months (median 1.7-115.8 months), no axillary recurrences were observed in 213 patients. Conclusion: Manual lymphatic drainage is a simple technique that leads to an extremely high pick-up rate of axillary SLNs after subepidermal radio tracer injection. If unaffected, this node correctly predicts nodal-negative disease in 98% of cases studied.
patients with positive axillary lymph nodes [10] . Chagpar et al. [7] analyzed 3,691cases and compared different injection sites. A combination of peritumoral dye and intradermal radioactive colloid injection resulted in a retrieval rate of 97.4% and a false-negative rate of 8.3%. In the NSABP-B32 study in which the protocol required injection of both dye and radioactive tracer around the tumor, a retrieval rate of 96.9% and a false-negative rate 9.5% was observed in 4,994 patients [10] . Here, we describe and evaluate a standardized regime of subepidermal radioactive tracer injection that takes into consideration the physiology of lymphatic transport using a standard lymph draining procedure. The method gives results that are superior to those previously reported without the need for dye injection.
Patients and Methods

Patient Characteristics
Between April 2004 and June 2012, 362 patients with biopsy-proven primary breast cancer or extensive ductal carcinoma in situ (DCIS) necessitating mastectomy were treated according to a standardized SLN labeling protocol if the axillary lymph nodes appeared clinically inconspicuous. 9 Patients had bilateral disease and were each counted as 2 cases, resulting in a total of 371 cases. Patient records were analyzed retrospectively. Patient characteristics are listed in table 1. Patients were excluded from the analysis if a protocol violation was evident (obvious mistake in tracer preparation, failure of surgeon to describe adequate measures to retrieve SLN) from the records. In Germany, SLNB is defined as the method of choice in a clinically inconspicuous axilla [11], but no national guidelines exist on the exact labeling protocol, and since patients were not inconvenienced by the retrospective analysis, an ethics committee approval was not deemed necessary. Follow-up was warranted by scheduled annual contacts with the patients' primary physicians.
Labeling Technique
Patients were positioned with an inclination of about 30° to the contralateral side of the affected breast. A depot of the radioactive tracer, either 99m Tc human serum albumin nanocolloid (Nanocoll ® , GE Healthcare Buchler, Braunschweig, Germany) or colloidal 99m Tc rhenium sulfide (Nanocis ® , Cis bio, Berlin, Germany) was slowly injected subepidermally at the periareolar margin of the affected quadrant. During injection, care was taken to keep the tip of the needle visible through the skin. In a single dose, about 160 MBq was administered in a 1.0-ml volume, creating a wheal. After the injection, the depot was massaged until the wheal had dissolved, and a short lymph drainage of about 2 min in the direction of the axilla and the sternum was performed to enhance lymphatic transport of the tracer ( fig. 1) . A scintigram of the upper body was then taken using a digital singlehead SPECT camera system, with a general-purpose collimator (GKS 4, Gaede Medizinsysteme, Freiburg, Germany) and a detection parameter of 256. Subsequently, another scintigram was taken in which the tracer depot was shielded with a lead sheet. Body contours were made visible using a Tc 99m source ( fig. 2 ). Injections and scintigrams were always performed by 1 of 2 radiologists, the senior radiologist being board certified in nuclear medicine. All operations were performed by 1 of 3 fully trained breast cancer surgeons.
The following day, 1 or more SLNs were detected intraoperatively using a hand-held probe (SI Handheld Gamma Finder, Silicon Instruments, Berlin, Germany). If a fresh frozen section of at least 1 of these nodes was positive for tumor, or if suspicious nodes were found upon surgery, formal dissection of levels 1 and 2 of the axilla (ALND) was carried out. In all, SLNB only was performed in 272 cases; in 99 cases, a formal ALND was deemed necessary.
The protocol for pathology work-up followed the German national guidelines [12] and was designed to detect all metastases of 2-mm diameter. Hematoxylin and eosin staining and light microscopy was performed on 2-3 serial sections spaced at 100-500 μm. In a subset of 276 patients, SLNs were examined on fresh frozen sections.
Results
Scintigram and Pick-up Rate
The median time to detection by scintigram was 3 min (range 1-45 min). Figure 2 shows a sample scintigram. At least 1 labeled node was identified intraoperatively in 369 of the 371 cases (range 1-9 nodes, median 2).
Additional Lymph Nodes Available for Evaluation
During SLNB, a median of 2 nodes were removed (range 1-9). In 153 of 278 cases with negative SLNs, additional unlabeled nodes that were removed incidentally during this procedure were sent to pathology in a separate specimen container ('sleepers' as opposed to 'sentinels'). A formal ALND was performed in 99 cases; 72 had a positive SLN and 25 had clinically suspicious nodes intraoperatively. In 2 cases ALND had to be performed as rescue procedure because the SLN could not be identified. During this procedure, 16 lymph nodes were removed (median, range 5-49).
False-Negative Rate
Among the 153 cases with available 'sleepers', 3 nodes were tumor positive, leading to an accurate false-negative rate of 2%. Applying the usual definition [13] of false-negative results to all 91 node-positive patients in this series would yield a rate of 3.3%.
In 1 case of bilateral cancer (pT2 pN1a(1/6 sn) left and pT1c pN1a(1/8 sn) right), the SLN on the left-hand side was negative, although a non-labeled node that was incidentally removed was metastatic. In another case (pT2 pN1a (1/8)) treated by mastectomy for suspected bifocal breast cancer, the affected lymph node was located within the breast and was preoperatively interpreted as the second tumor. A third case (pT2, pN2a (4/16) had 2 negative SLNs, 2 positive 'sleepers' and 2 more positive nodes at formal ALND.
Follow-up
After a median period of 69.5 months (range 1.7-115.8 months), 213 of 255 (83.5%) patients with a negative SLN were available for follow-up and none of them had an axillary recurrence. 1 patient developed an infraclavicular lymph node metastasis after 18.4 months.
Discussion
Background Considerations
The injection procedure is based on the method of indirect lymphangiography [14, 15] . By creating an intradermal wheal, the tracer is driven into the initial lymph vessels by a high-pressure gradient. As shown in animal experiments with a similar injection technique, the excessive increase in tissue pressure facilitates uptake of the tracer into the initial lymph vessels through widening of open junctions and an increase in lymph vessel diameter [16] . Active transport in lymph vessels is very slow, with contraction frequencies between 6 and 10/min, but can be doubled by manual lymphatic drainage [17] . Therefore, in addition to the injection, we used a standard lymph drainage technique that has been shown to increase lymph transport into the nodes [18] .
Detection and Pick-up Rate
Median time to detection was 3 min (range 3-45 min). This is comparable to the data reported by Sadeghi et al. [19] . Although not practiced in our routine, labeling immediately prior to surgery is possible. The pick-up rate achieved with our regime using radioactive tracer alone was 99.5%. This is superior to the 97.4% observed in the series of Chagpar et al. [7] and to the 96.9% in the NSABP B32 trial [10] . 
False-Negative Rate
If an SLN is found to be negative while other lymph nodes are in fact affected, inadequate treatment with a risk of suboptimal outcome may occur. The results achieved with our regimen compare well to those of previously published reports using a combination of dye and radioactivity. The NSABP B-32 project, which included 4,994 patients, reported a false-negative rate of 9.5% [10] , while Veronesi et al. [3] reported 8 false-negative SN in 259 patients with a consecutive complete axillary dissection.
Discounting the case in which an affected intramammary lymph node was preoperatively thought to be a second primary tumor and thus removed at mastectomy, in our series only 2 of 153 relevant cases demonstrated an affected non-labeled node even though the SLN was disease free. Using the standard definition [13] , our false-negative rate of 3.3% compares favorably despite the omission of dye injections.
Radioactive With or Without Additional Dye Labeling
In an extensive literature search including publications from 1993 to 2015, we found only 3 series reporting results for radiotracer labeling only. Ban et al. [20] reported on 328 patients, with a retrieval rate of 100% and a false-negative rate of 10.8%. Bines et al. [21] examined 208 patients and retrieved 93.8% of labeled nodes; however, they did not report a false-negative rate. Again, our results compare favorably.
Recently, O'Reilly et al. [22] pointed out that 'most studiesdemonstrating an improvement in identification rates and lower false-negative rates with combined localization techniques were early in the learning curve of individual surgeons' and that it was subsequently found, in a randomized prospective trial, that the addition of dye labeling did not lead to superior results and should, therefore, no longer be a part of routine practice.
Patent blue, which is commonly used for lymphatic mapping, leads to severe and typically prolonged anaphylactic reactions in 1-3% of patients [23, 24] . Methylene blue, which is at present not commercially available in most European countries, is safer but may lead to temporary tattooing at the injection site and is possibly neurotoxic [25, 26] .
Axillary Recurrence
In our series, 255 patients underwent SLNB only; of these, 213 (83.5%) were available for follow-up. During the comparatively long follow-up period (median 69.5 months, range 1.7-115.8 months) no axillary and only 1 subclavicular recurrence were seen. Smidt et al. [27] reported 2 recurrences among 439 patients after 26 months in their own series and, from an extensive literature search, 8 in 3,184 after 21 months. Takei et al. [28] made a distinction in local recurrence between axillary metastases, which they found in 0.4% of 1,062 patients, and other local disease including infraclavicular recurrence, which they saw in 2.4%. The follow-up period in their series was 36 months. Again, our regime performed better.
Conclusion
The combined technique of periareolar intradermal radioactive tracer injection and subsequent manual lymphatic drainage is easy to perform and gives excellent and quick results. Our results add to the body of evidence that additional dye labeling is unnecessary when following a standardized radioactive labeling regime.
